CONTENTS
. assessment of the published data on melting temperatures for various refractory oxides and to suggest recommended values with estimated uncertainties wide enough that further determination will probably fall within these limits. The first part (Hlavac, ref. 1) dealt with the oxides A1203, MgO, Scz03, Si02, Ti02, Y203 and Zr02.
The family of lanthanoid oxides is of special interest because the chemical and physical properties tend to vary smoothly with atomic number. The monotony is relieved, however, by an overlay of marked individualistic behaviour. This circumstance provides subtle variations in properties which may be used to test many hypotheses or theories of chemistry, including those pertaining to the solid state.
In oxide systems where a change of valency of the metal can occur, the atmosphere in which the samples were melted, and the nature of the containers used, are important variables. Unfortunately this information is not always available in the earlier measurements of the lanthanoid oxides.
The aim of the Study Group is to make a critical
In any oxide system of course, the solid phases need not melt congruently, although phases with very narrow ranges of homogeneity frequently do. phases has been assumed by all the authors of the studies quoted. probably justified for most of the lanthanoid sesquioxides, although it must be remembered that the range of homogeneity of several (and probably all) of these oxides can extend to quite low values of O/M when in contact with the corresponding metal -see summary by Ackermann and Rauh (ref. 2 ) ; for example the lower phase boundary of Ce203-x is as low as CeOl 34 at a temperature of 1711°C, and Coutures (ref. 3) has reported that Gd203 heated in hydrogen can be reduced to Gd01.47.
The data (Tables 1 to 12 ) are presented in the same format as that previously used by Schneider (ref. 41.
In assessing the measurements, special attention has been paid to two experimental features :
Congruent melting of the sesquioxide This assumption is
-possible changes in composition of the sample (which would alter the melting point), resulting from the atmosphere used, inappropriate furnace materials (e.g. Ta for many oxides) or reaction between the sample and its container.
-the temperature measurement, including details of any secondary standards, emissivity and wavelength data for pyrometric determinations. However, as will be clear from Tables 1-12 , such information, particularly that relating to secondary standards, is often lacking from earlier papers.
The temperature scale used in reporting the measurement, if not stated, was assumed to be the appropriate IPTS (1927-1948-1968) according to the date of publication. Wherever possible, the melting point has been corrected to IPTS-68. In making this correction, the melting points of the secondary standards have also been corrected to currently accepted These two corrections cause appreciable changes (15-2OoC) in some reported melting points, since the melting point of A1203 was assumed to be 204OoC by Wisnyi and Pijanowski (ref, 7) and 2042OC by Foex (ref. 8 ).
-et al. (ref. 9 ) , the melting point of the secondary standard Y203 was assumed to be 244OOC.
The small difference between this and the value recommended by Foex (ref. 10 ) (2439OC) has been neglected, since the melting temperatures reported by Coutures Gal. have usually been rounded to the nearest 5OC.
Having regard to these experimental features, many of the published papers are difficult to evaluate, in that some experimental details are lacking, particularly regarding the secondary standard used, or the value used for its melting point. The relatively complete studies by Foex (ref. 8) and by Coutures e. (ref. 9) seem to have given the necessary attention to the experimental conditions: measurement method, calibration using A1 0 and Y203 as secondary standards and blackbody conditions with emissivity estimates at 8.25 pm.
In particular Coutures Gal. (ref. 9 ) have given special attention to the melting atmosphere in order to maintain stoichiometric oxides. terbium oxides were melted u der slightly reducing conditions (argon with 10% H2) to prevent the formation of Pr4+ and Tbxc; Eu203 was melted under pure oxygen to minimize the reduction of Eu3+ to Eu2+. Coutures et al. (ref. 9 ) are all slightly higher than the values obtained with metallic sample holders.
In the most recent study by Mizuno s. the correction to be applied at a given measured temperature is a linear interpolation between the corrections at the measured freezing points of A1203 and Y203 in the same atmosphere.
2.3
These corrections markedly decrease the differences in the freezing points as function of atmosphere.
However as noted in the discussion on Gd203 (see Section 1. The experimental procedure was The temperature of
SELECTED VALUES
The selected values have been divided into three classes:
Recommended values, where the set of experimental determinations is reasonably consistent and precise.
Probable values, where the consensus of experimental values is less convincing.
Estimated values, where experimental data are lacking or are very uncertain.
In each case, the uncertainties given are rather subjective estimates that future, more precise, measurements will have c . 95% probability of lying within the uncertainty band.
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The measurements for Gd203 ( measurements have not resolved completely the Ziscrepancy of the experimental determinations in air, they do suggest the lower values (below 2380°C) reported earlier (see Table 6 ) are not correct.
Although these new
However an appreciable uncertainty must remain on the RECOMMENDED VALUE : 2420 f 20°C.
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Arc imaging furnace * For meaning of abbreviations see Table 12 . 
4 ) MIZUNO et al.
( 1 9 8 1 )
Temp.
Calibration
Meas.
(L "C) Some possible reasons for this are discussed in the text, but the discrepancies still remain larger than expected.
The recommended, probable and estimated values for the melting points of the entire lanthanoid sesquioxide family are shown in Table 13 and plotted in the Figure. notable irregularity is the peak in the curve at Gd203. established, since all four studies (refs. 8,9,13 and 18) of the whole series find that Gd O3 has a higher melting point that the neighbouring oxides, (irrespective of the actual vafues). electron at this element, this symmetry giving an additional stability to the Gd-0 bond in the solid, as discussed by Coutures Gal. (ref. 9) . The dip in the melting point curve at
Ce O3 is less well established, although the three measurements would have to be sutstantially in error. lower than the melting point of stoichiometric Ce203.
This assessment gives the "state of the art" concerning the melting points of the lanthanoid sesquioxides. For many of them the data are close to those of Coutures Gal. (ref. 9 ).
The main reasons for this are:
The most However this seems to be clearly This is presumably related to the filling of all the seven f orbitals with one However, as discussed in the text, these measured values could be -the measurements were carried out in good blackbody conditions with an emissivity between 0.97 and 0.98; -no contamination by the sample holder; -the experiments were made under the most appropriate oxygen potential to retain the composition of the melted oxide at Ln203. The following new measurements are recommended to elucidate the trend of results noted above : 2 3
(1) Measurements of the melting points of Gd20 and Nd 0 wh ch are vailable in high purity) at a range of oxygen potentiags (p(Ozf 2 ;O+' to lo-' Pa), with a variety of different sample holders (molybdenum, tungsten, rhenium, self-crucible). the crucible material after the measurements should be determined.
The change in composition of the sample and contamination by (2) If the effect of change of oxygen potential and thus, stoichiometry, for whatever reason, is appreciable, further experiments with Eu O3 and Pr O3 as well as Gd203 over much wider ranges of oxygen potential would be invafuable to elucidate effect of non-stoichiometry on the melting and solidification points extending if possible down to the lower phase boundary of the sesquioxides.
( 3 ) A very interesting (but difficult) study would be the determination of the solidus-liquidus curves for the Ce02-, system, where the solid/solution phase probably extends from 1.3 < O/Ce < 2 near the liquidus. the technique of heating the oxides slowly in a gas of fixed CO/C02 ratio could provide considerable useful information.
As noted in the text,
As noted earlier, it is always assumed that the highest melting point (congruent melting) occurs at a mole ratio of O/Ln = 1.5, and although this is probably true, there is no experimental evidence for this assumption. 
